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A vasoocclusive member, such as embolic coil, that 
mechanically joins an instrument for delivering that va- 
soocclusive member to a selected site within the vascu- 
lature or other lumen of a human body via the use of a 
catheter is provided. A thermoplastic member augments 
the junction to enhance variously the friction at and in- 
tegrity of the junction. Once the vasoocclusive member 
is delivered to the desired site, radio frequency energy is 
supplied to the thermoplastic member in an amount suf- 
ficient to soften the thermoplastic member, allowing me- 
chanical disengagement to then take place. 



118 




106 10B 



/- io ° 

102 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 
BB 


Bosnia and Herzegovina 
Barbados 


GE 
GH 


Georgia 
Ghana 


MD 
MG 


Republic of Moldova 
Madagascar 


TG 
TJ 


Togo 
Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 

UA 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cftte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/02094 PCT/US98/14900 



DETACHABLE VASOOCCLUSIVE MEMBER USING THERMOADHESIVE JUNCTION 



FIELD OF THE INVENTION 

This invention is a surgical instrument and specifically is a device for delivering 
vasoocclusive members to a selected site within the vasculature or other lumen of the 
human body via use of a catheter. In particular, the device is an assembly of a 
vasoocclusive member that mechanically joins an instrument for delivering that 
vasoocclusive member to the selected site. A thermoplastic member augments this 
mechanical junction to enhance variously the friction at and integrity of the junction. Once 
the vasoocclusive member is delivered to the desired site, radio frequency energy is 
supplied to the thermoplastic member in an amount sufficient to soften the thermoplastic 
member, allowing mechanical disengagement to then take place. 

. BACKGROUND OF THE INVENTION 

The endovascular treatment of a variety of vascular maladies throughout the body 
is an increasingly important form of therapy. Catheters have been used to place various 
treatment materials, devices, and drugs within arteries and veins in the human body. 
Examples of these vasoocclusive devices and their use in such treatments are shown in 
U.S. Patent Nos. 5,234,437 to Palermo and Gia ("Detachable Pusher-Vasoocclusive Coil 
Assembly with Threaded Coupling") and 5,261,916 to Engelson ("Detachable Pusher- 
Vasoocclusive Coil Assembly with Interlocking Ball and Keyway Coupling"). These 
patents show methods and devices for delivery of vasoocclusive members, such as coils, or 
wires within the human body to sites such as aneurysms, to occlude those sites. 
Vasoocclusive members such as are discussed in U.S. Patent No. 4,994,069 to Ritchart et 
al. may be of a regular or helical configuration or assume a random convoluted 
configuration at the selected site. The vasoocclusive members normally are made of a 
radiopaque, biocompatible metal such as platinum, gold, tungsten, or alloys of these and 
other metals. 
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In treating aneurysms, it is common to place one or more vasoocclusive members 
within the aneurysm. The vasoocclusive members occlude the site by posing a physical 
barrier to blood flow and by promoting thrombus formation at the site. 

Vasoocclusive members have typically been placed at the desired site within the 

5 vasculature using a catheter and a pusher. The site is first accessed by the distal end of a 

catheter. In treating peripheral or neural conditions requiring occlusion, the sites are 
accessed with flexible, small diameter catheters such as those shown in U.S. Patent Nos. 
4,739,768 to Engelson and 4,813,934 to Engelson and Daniels. The catheter may be 
guided to the site through the use of guidewires (see U.S. Patent No. 4,884,579 to 

1 0 Engelson) or by flow-directed means such as balloons placed at the distal end of the 

catheter. Use of guidewires involves the placement of relatively long, torqueable proximal 
wire sections within the catheter, which proximal sections are attached to more flexible 
distal end wire section designed to be advanced across sharp bends at vessel junctions. 
The guidewire is visible using x-ray and allows a catheter to be manipulated through 

15 extremely tortuous vessels, even when such vessels are surrounded by soft tissue such as 

the brain. 

Once the selected site has been reached, the catheter lumen is cleared by removing 
the guidewire (if a guidewire has been used), and the vasoocclusive member is placed into 
the proximal open end of the catheter and advanced through the catheter with a pusher. 

20 Pushers are wires having a distal end that is adapted to engage and push the vasoocclusive 

member through the catheter lumen as the pusher is advanced through the catheter. When 
the vasoocclusive member reaches the distal end of the catheter, it is discharged from the 
catheter by the pusher into the vascular site. This technique of discharging the 
vasoocclusive member from the distal end of the catheter has a number of undesirable 

25 limitations. First, because of the plunging action of the pusher and the vasoocclusive 

member, the positioning of the vasoocclusive member at the site cannot be controlled to a 
fine degree of accuracy. Second, once the vasoocclusive member has left the catheter, it is 
difficult to reposition or retrieve the vasoocclusive member if such is desired. 
Nevertheless, the technique has the benefit of delivering multiple vasoocclusive members 

30 at low cost with a short delivery time. 
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Several classes of techniques have been developed to enable more accurate 
placement of vasoocclusive members within a vessel. One class involves the use of 
electrolytic means to detach the vasoocclusive member from the pusher. In one technique 
(U.S. Patent No. 5,122,136 to Guglielmi et al.) the vasoocclusive member is bonded via a 

5 metal-to-metal joint to the distal end of the pusher. The pusher and vasoocclusive member 

are made of dissimilar metals. The vasoocclusive member-carrying pusher is advanced 
through the catheter to the site and a low electrical current is passed through the pusher- 
vasoocclusive member assembly. The current causes the joint between the pusher and the 
vasoocclusive member to be severed via electrolysis. The pusher may then be retracted 

10 leaving the detached vasoocclusive member at an exact position within the vessel. In 

addition to enabling more accurate vasoocclusive member placement, the electric current 
may facilitate thrombus formation at the vasoocclusive member site. The only perceived 
disadvantage of this method is that the electrolytic release of the vasoocclusive member 
requires a period of time so that rapid detachment of the vasoocclusive member from the 

15 pusher does not occur. Other examples of this technique can be found in U.S. Pat. No. 

5,423,829 to Pham et al. and U.S. Pat. No. 5,522,836 to Palermo. 

Other forms of energy are also used to sever sacrificial joints that connect pusher 
and vasoocclusive member apparatus. An example is that shown in Japanese Laid-Open 
Patent Application No. 7-26543 1 . A sacrificial connection member, preferably made from 

20 polyvinylacetate (PVA), resins, or shape memory alloys, joins a conductive wire to a 

detention member. Upon heating by a monopolar high frequency current, the sacrificial 
connection member melts, severing the wire from the detention member. 

In U.S. Pat. No. 4,735,201 to O'Reilly, an optical fiber is enclosed within a catheter 
and connected to a metallic tip on its distal end by a layer of hot-melt adhesive. The 

25 proximal end of the optical fiber is connected to a laser energy source. When 

endovascularly introduced into an aneurysm, laser energy is applied to the optical fiber, 
heating the metallic tip so as to cauterize the immediately surrounding tissue. The layer of 
hot-melt adhesive serving as the bonding material for the optical fiber and metallic tip is 
melted during this lasing, but the integrity of the interface is maintained by application of 

30 back pressure on the catheter by the physician. When it is apparent that the proper 

therapeutic effect has been accomplished, another pulse of laser energy is then applied to 
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once again melt the hot-melt adhesive, but upon this reheating the optical fiber and catheter 
are withdrawn by the physician, leaving the metallic tip in the aneurysm as a permanent 
plug. 

Another class of techniques for placing and detaching an embolic vasoocclusive 

5 member at a therapeutic site involves the use of mechanical attachment and release 

mechanisms, such as that shown in U.S. Pat. No. 5,261,916 to Engelson. In that technique, 
a vasoocclusive member having an enlarged portion is mated with a pusher having a 
key way adapted to receive the enlarged portion of the vasoocclusive member in an 
interlocking relationship and covered by a coaxial member about the pusher and the 

1 0 vasoocclusive member. The coaxial member is movable by sliding the member axially. 

As the coaxial member is moved away from the junction where the vasoocclusive 
member's member engages the member of the keyway of the pusher, the vasoocclusive 
member disengages and the pusher is removed. 

U.S. Pat. No. 5,304,195 to Twyford, Jr. et al. discloses a variation in which a 

1 5 vasoocclusive member and a pusher are each supplied with a ball on their proximal and 

distal ends, respectively. The portion of the vasoocclusive member and pusher containing 
the ball are radially biased and shaped to overlap each other so that when coupled, they 
maintain an interlocked position when enclosed within a coaxial sleeve. When the sleeve 
is retracted at the therapeutic site, the balls are allowed to move radially relative to one 

20 another to disengage and uncouple the pusher and vasoocclusive member. 

In U.S. Pat. No. 5,350,397 to Palermo et al., a similar device is disclosed in which 
an embolic vasoocclusive member having an enlarged member, such as a ball, is released 
from a pusher assembly by forcing the enlarged member through an aperture in a socket 
situated on the distal end of a pusher assembly. 

25 Another device for placement of vasoocclusive members is shown in U.S. Pat. No. 

5,234,437 to Sepetka. This device includes a vasoocclusive member having a helical 
portion at one end and a pusher which is threaded to the inside of the helical vasoocclusive 
member by the use of a threaded section on the outside of the pusher. The device operates 
to release the vasoocclusive member by engaging the proximal end of the vasoocclusive 

30 member with a sleeve while the pusher is unthreaded. Once the pusher is free, the sleeve 

may be used to push the vasoocclusive member out into the treatment area. 
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U.S. Pat. No. 5,250,071 to Palermo discloses a vasoocclusive member and pusher 
assembly in which two interlocking clasps serve as a mechanical junction for the 
vasoocclusive member and pusher. The clasps may be supplied with apertures, centrally 
aligned with the vasoocclusive member lumen for a control wire which, when axially 
withdrawn from the junction at the therapeutic site by the physician, leave the interlocking 
clasps free to separate, placing the vasoocclusive member at the desired therapeutic site. 
Alternatively, as shown in U.S. patent application Ser. No. 08/331,360, filed December 21, 
1994, similar self-disengaging interlocking clasps without such a control wire may be kept 
together by the catheter walls until released from the catheter; at that point, a simple 
twisting motion, gravity, fluid flow, or a combination thereof supplies the necessary force 
to uncouple the clasps. 

The junction created by these mechanical attachment and release mechanisms is 
typically separable with some ease, i.e., usually by withdrawing a control wire, utilizing 
the built-in radial bias of the connecting members, torquing or unscrewing, or allowing 
gravity or fluid flow to facilitate separation in the case of self-disengaging clasps. It can 
still be difficult, however, to precisely control the exact moment at which that junction is 
separated, and premature separation due in part to a lack of adequate friction is always a 
possibility. In addition, those devices in which the junction is composed entirely of a 
either a sacrificial material, such as that taught by Japanese Laid-Open Patent Application 
No. 7-26543 1, or an adhesive, such as the hot-melt adhesive disclosed in U.S. Pat. No. 
4,735,201 to O'Reilly, may be prone to reliability problems as the security of a 
mechanically interlocking or attachable clasp or other mechanism is absent. 

Accordingly, none of these disclosed devices teaches or suggests a vasoocclusive 
member assembly having a friction-enhancing mechanical detachment junction by the 
addition of a thermoplastic member that does not soften until radio frequency energy is 
administered to the assembly. This combination allows for improved reliability and a 
higher degree of control over the release of the vasoocclusive member into the therapeutic 
site without sacrificing the integrity intrinsic to a mechanical detachment junction. 

SUMMARY OF THE INVENTION 

This invention is a device for placing detachable vasoocclusive devices within the 
vasculature of the human body so to occlude that site with the vasoocclusive member. 
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This device includes a vasoocclusive member with opposing ends having, on at least one 
end, a detachable vasoocclusive member junction attachable to a pusher junction, a pusher 
comprising an elongated member having a proximal end and a distal end, the distal end 
formed by a pusher junction attachable to the detachable vasoocclusive member junction, 

5 and a thermoplastic member adhering to both the vasoocclusive member junction and the 

pusher junction to aid in preventing disengagement of both the detachable vasoocclusive 
member junction and the pusher junction until the application of radio frequency energy in 
an amount sufficient to soften the thermoplastic member. A coil, which can be helical, and 
which can have a random or straight configuration, is an example of such a vasoocclusive 

10 member that is within the scope of this invention. Additionally, the thermoplastic member 

can encapsulate the vasoocclusive member junction and the pusher junction, and the 
proximal end of the pusher can be electrically insulated as well. 

Another aspect of the invention is a combination conducting core wire- 
vasoocclusive member assembly for use in occluding a selected vascular site within a 

1 5 vessel. The vasoocclusive member has opposing ends with an axially central lumen 

therethrough, a conducting core wire with a distal end adaptable for receiving radio 
frequency energy, and a thermoplastic member adhering to both the vasoocclusive member 
and the conducting core wire to aid in preventing disengagement of the vasoocclusive 
member and the conducting core wire until the application of radio frequency energy in an 

20 amount sufficient to soften the thermoplastic member. A coil, which can be helical, and 

which can have a random or straight configuration, is an example of such a vasoocclusive 
member that is within the scope of this invention. Additionally, the thermoplastic member 
can encapsulate the vasoocclusive member and the conducting core wire, and the proximal 
end of the conducting core wire can be electrically insulated as well. 

25 A further aspect of the invention is a process for the placement of a vasoocclusive 

member at a selected site comprising the steps of: (a) introducing to a selected site a 
vasoocclusive member having, on at least one end, a detachable vasoocclusive member 
junction engaged with a pusher junction, a thermoplastic member adhering to both the 
detachable vasoocclusive member junction and the pusher junction to aid in preventing 

30 their disengagement; (b) applying radio frequency energy to both the detachable 

vasoocclusive member junction and the pusher junction in an amount sufficient to 
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substantially soften the thermoplastic member and aid the release of the vasoocclusive 
member into the selected site; and (c) moving the pusher junction out of engagement with 
the vasoocclusive member. A coil, which can be helical, and which can have a random or 
straight configuration, is an example of such a vasoocclusive member that is within the 

5 scope of this invention. 

Still another aspect of this invention is a process for the placement of a 
vasoocclusive member at a selected site comprising the steps of: (a) attaching a 
thermoplastic member to the distal end of a conducting core wire; (b) joining the distal end 
of the conducting core wire to a vasoocclusive member to form a combination conducting 

1 0 core wire-vasoocclusive member assembly; (c) introducing to a selected site the 

combination conducting core wire-vasoocclusive member assembly; (d) applying radio 
frequency energy to the combination conducting core wire-vasoocclusive member 
assembly in an amount sufficient to substantially soften the thermoplastic member and aid 
the release of the vasoocclusive member into the selected site; and (e) moving the 

1 5 conducting core wire out of engagement with the vasoocclusive member. A coil, which 

can be helical, and which can have a random or straight configuration, is an example of 
such a vasoocclusive member. The conducting core wire may be attached to the 
vasoocclusive member prior to attaching the thermoplastic member to the conducting core 
wire. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB are partial sectional views of two examples of the combination 
pusher-vasoocclusive member assembly of the present invention with a thermoplastic 
member adhering to the assembly. 

Figures 2 A and 2B show, in partial sectional view, the operation of a variation of 
25 the combination pusher-vasoocclusive member assembly of the present invention as it 

places a vasoocclusive member within a target site. 

Figure 3 is a partial sectional view of a variation of the combination pusher- 
vasoocclusive member assembly of the present invention additionally consisting of 
electrical insulation on the proximal end of the pusher. 
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Figure 4A is a partial sectional view of a variation of the combination conducting 
core wire-vasoocclusive member assembly of the present invention prior to the application 
of a thermoplastic member to the assembly. 

Figure 4B is a partial sectional view of an example of the combination conducting 
core wire-vasoocclusive member assembly of the present invention with a thermoplastic 
member adhering to the assembly. 

DESCRIPTION OF THE INVENTION 

Two variations of the combination pusher-vasoocclusive member assembly (100) 
are shown in Figures 1A and IB. In both figures, the vasoocclusive member (102) is 
shown as a coil that is helical in form, although it may be any other suitable vasoocclusive 
device or form, such as a ribbon, a braided member, or the like. The vasoocclusive 
member (102) should be of a size sufficiently small that it may be advanced through a 
catheter (103), shown only in Figure IB, that is appropriately sized for accessing the 
targeted vascular site. For instance, when accessing a brain aneurysm in a small vessel, an 
appropriately sized catheter is quite small and very flexible. The vasoocclusive member in 
such a situation must be small enough to fit through the catheter and out its distal end at 
the treatment site. 

The vasoocclusive member (102) is desirably made up of a radiopaque, 
physiologically compatible material. For instance, the material may be platinum, gold, 
tungsten, or alloys of these. Certain polymers are also suitable as vasoocclusive member 
material either alone or in conjunction with metallic markers providing radiopacity. These 
materials are chosen so that the procedure of locating the vasoocclusive member within the 
vessel may be viewed using radiography. However, it is also contemplated that the 
vasoocclusive member may be made of various other biologically inert polymers or of 
carbon fiber. 

When the vasoocclusive member is a coil, its shape and constituent winding will 
depend upon the use to which the coil will be placed. For occluding peripheral or neural 
sites, the coils will typically be made of 0.05 to 0.1 5 mm diameter wire (platinum or 
platinum/tungsten alloy) that may be wound to have an inner diameter of 0.15 to 1 .5 mm 
with a minimum pitch - that is to say that the pitch is equal to the diameter of the wire 
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used in the coil. The outer diameter is then typically between 0.25 ram to 1.8 mm. The 
length of the coil will normally be in the range of 0.5 to 60 cm, preferably 0.5 to 40 cm. 

If desired, the coil may be formed in such a way that the coil is essentially linear as 
it passes through the catheter and yet assumes a randomly oriented relaxed condition after 

5 it is released from the distal end of the catheter. A discussion of this variation may be 

found in U.S. Patent No. 4,994,069 to Ritchart et al. 

Turning now to the embodiment of Figure 1 A, fixedly attached to vasoocclusive 
member (102) is vasoocclusive member junction (104). Likewise, fixedly attached to 
pusher (106) is pusher junction (108). Prior to using the assembly of Figure 1 A in a 

10 selected site, vasoocclusive member junction (104) and pusher junction (108) are 

mechanically interlocked, or engaged, to each other. For purposes of this invention, the 
term "engaged" is herein used to describe any mechanical or physical attachment, 
interlocking, mating, binding, coupling, hooking, etc., such that members that are said to 
be "engaged" do not come apart or detach from one another without some positive effort or 

1 5 motion specifically in the absence of the thermoplastic member (110) discussed below. 

The particular mechanical engagement configuration shown in Figure 1 A created 
between the vasoocclusive member junction (104) and the pusher junction (108) is 
discussed more thoroughly in U.S. Patent No. 5,250,071 to Palermo and U.S. patent 
application Ser. No. 08/331,360. 

20 Figure IB depicts an embodiment of the present invention in the mechanical 

engagement configuration disclosed by Twyford, Jr. et al in U.S. Patent No. 5,304,1 95. In 
this device, the vasoocclusive member (102) and pusher (106) are again supplied with 
vasoocclusive member junction (104) and pusher junction (108), respectively. However, 
in this embodiment, both vasoocclusive member junction (104) and pusher junction (108) 

25 are each comprised of a ball ( 1 1 2) disposed at the end of a wire (114). As previously 

discussed, the portion of the vasoocclusive member junction (104) and pusher junction 
(108) containing the ball (1 12) and wire (1 14) are radially biased and shaped to overlap 
each other so that when coupled, they maintain an interlocked position when enclosed 
within a coaxial sleeve (116). 

30 Each of the mechanical engagement configurations depicted in Figures 1 A and IB 

are but two of many ways in which a vasoocclusive member can be mechanically engaged 
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to a pusher or other similar device. These configurations are presented for purposes of 
illustration only and do not limit the scope of the types of mechanical engagement 
configurations that may be used with the present invention. As will be clear to those 
skilled in the art, a wide variety of mechanical engagement configurations can be used to 
effectively practice this invention. These additionally include, for example, those 
configurations found in U.S. Patent No. 5,261,916 to Engelson, U.S. Patent No. 5,350,397 
to Palermo et ah, U.S. Patent No. 5,234,437 to Sepetka, and U.S. Patent No. 5,578,074 to 
Mirigian. 

Attention is now directed to a preferred configuration of the thermoplastic member 
(1 10) as it adheres to the pusher-vasoocclusive member assembly (100) shown in Figures 
1 A and IB. The enhanced thickness of the thermoplastic member (110) as shown in 
Figures 1 A and IB is not necessarily to scale and is depicted as such for purposes of 
illustration only. 

In this configuration, a thermoplastic material is deposited by any conventional 
technique to coat substantially the entire surface area of vasoocclusive member junction 
(104) and pusher junction (108) of Figures 1A and IB. One technique, for example, is 
dipping or coating these members in molten or substantially softened thermoplastic 
material, but other techniques as known in the art, such as shrink-wrapping, spraying on in 
the form of a suspension or latex, or others may be used as well. As will be described in 
greater detail, one object of coating substantially the entire surface area of these members 
is to electrically insulate assembly (100) to limit the heating effect of the energy applied 
during deployment of vasoocclusive member (102). 

Next, prior to the passing of time to allow substantial hardening of the 
thermoplastic material, the junctions are physically engaged to form the assembly (100) as 
shown in Figures 1 A and IB prior to insertion of the assembly inside a catheter (103) 
(shown only in Figure IB). In the case of the embodiment of Figure IB, assembly (100) is 
first placed inside sleeve (116) before it is placed inside catheter (103). 

The integrity of the newly-formed joint is primarily maintained by the locking 
effect of the mechanical engagement mechanisms as previously described. However, the 
fit of this joint need not be close, as these various mechanisms are augmented by the 
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adhesive and friction-enhancing effects obtained when the thermoplastic coating on each 
member solidifies after mechanical engagement to form thermoplastic member (110). 

A preferred thermoplastic material for thermoplastic member (1 1 0) is 
polyvinylacetate (PVA), although any suitable, biologically inert thermoplastic polymer 

5 with the proper transition temperature (herein defined as any safe temperature above that of 

the fluids of the human body which allows for the safe, efficient, and reliable detachment 
of the vasoocclusive member (102) into the selected site) may be used. Examples of such 
other thermoplastics that may be used singly or in combination include, but are not limited 
to, materials such as polyactide, polyglycolide, polyactide-co-glycolide polydioxanone, 

1 0 polyethylene, polyiminocarbonates, polycaprolactone, polyesters and the like. U.S. Patent 

No. 5,292,321 to Lee discusses such thermoplastic materials. 

The thermoplastic member (110) may take on a variety of thicknesses and coverage 
configurations depending upon a number of factors such as the type of mechanical 
engagement configuration used, the degree of control over the release of the vasoocclusive 

1 5 member (1 02) into the selected site desired by the user, the types and combinations of 

materials used, dimensional constraints of the catheter and sheath, and so forth. For 
example, prior to insertion of the assembly (100) inside catheter (103), thermoplastic 
member (110) may be further augmented by encapsulating the engaged members in 
additional thermoplastic material, such as by dipping the entire engaged joint of assembly 

20 (1 00) in molten or substantially softened thermoplastic material, although this is not 

necessary. Among others benefits, this would further enhance the integrity of the joint of 
assembly (100). 

For all configurations, it is desired that the thermoplastic member (110) have a 
thickness that will not prohibit the engaged junctions from freely moving within a catheter 
25 sheath or other associated equipment necessary to accomplish the desired objective of 

reliably and safely placing a vasoocclusive member at a selected site. 

Figures 2A and 2B show, in partial cross-section, the combination pusher- 
vasoocclusive member assembly (100) of Figure 1A in operation. In Figure 2 A, an energy 
source (1 1 8) is connected to the combination pusher- vasoocclusive member assembly 
30 (100). In this embodiment, vasoocclusive member (102) is typically a coil as shown in 
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Figures 2A and 2B. The coil is shown as helical in form, although it may be any other 
suitable form. 

Conventional catheter insertion and navigational techniques involving guidewires 
or flow-directed devices may be used to access the site with a catheter (not shown). Once 

5 the distal end of the catheter is positioned at the site, often by locating its distal end 

through the use of radiopaque marker material and fluoroscopy, the catheter is cleared. For 
instance, if a guidewire has been used to position the catheter, it is withdrawn from the 
catheter and then the pusher (106) having the vasoocclusive member (102) at the distal end 
is advanced through the catheter. The pusher (106) is advanced past the distal end of the 

10 catheter so that the vasoocclusive member (102) is free of the catheter and with the 

vasoocclusive member (102) positioned precisely at the desired treatment site. 

The length of pusher (106) will be such as to be capable of being advanced entirely 
through the catheter to place vasoocclusive member (102) at the target site but yet with a 
sufficient portion of the distal end of the pusher (106) protruding from the distal end of the 

15 catheter to enable detachment of the vasoocclusive member (102). For use in peripheral or 

neural surgeries, the pusher will normally about 100-200 cm in length, more normally 130- 
180 cm in length. The diameter of the pusher is usually in the range of 0.25 to about 0.90 
mm. 

Once the vasoocclusive member (102) is at the selected site, energy, preferably 
20 radio frequency energy, is then supplied by the energy source (1 1 8) and transmitted 

through pusher (106) to pusher junction (108) and vasoocclusive member junction (104) so 
to heat the thermoplastic member (110) above its transition temperature until it is 
sufficiently softened or dissipated to free vasoocclusive member junction (104) and 
vasoocclusive member (102) as shown in Figure 2B. The entire catheter may then be 
25 removed or the pusher (1 06) may be withdrawn from the catheter lumen to provide for 

installation of other vasoocclusive members. If additional vasoocclusive members are to 
be placed at the target site, the procedure is repeated. After the desired number of 
vasoocclusive members have been placed at the site, the catheter is withdrawn from the 
vessel. 

30 As previously described, prior to the formation of assembly (100), it is desired to 

ensure that the thermoplastic material forming thermoplastic member (110) coats 
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substantially the entire surface of each of the vasoocclusive member junction (104) and 
pusher junction (108) to electrically insulate the combination pusher-vasoocclusive 
member assembly (100). Electrical insulation helps to limit the heating effect of the 
energy, applied to soften the thermoplastic member (1 10), to the joined vasoocclusive 
member junction (104) and pusher junction (108) in the immediate vicinity of the 
thermoplastic member (110) and to avoid excessive undesirable heating of the pusher (106) 
and the vasoocclusive member (102). This concept is described in a different context in 
U.S. patent application Ser. No. 08/607,592, filed February 27, 1996. 

Alternatively, as depicted in Figure 3, if it is desired to further protect the assembly 
(100) from heating effects during detachment, an additional electrical insulating member 
(120) may be affixed to the proximal section of pusher (106). If such an additional 
insulating member (120) is used, it is desired, but not necessary, that it consist of an 
electrically insulating polymer material and/or thickness different from that of the 
thermoplastic member (110) such that the thermoplastic member (110) preferentially 
absorbs the energy applied during detachment by the energy source (1 1 8). The insulating 
material can be a polymer such as polyethylene, polypropylene, polyurethane, 
polyethylene terephthalate, polyvinylchloride, and is preferably a polymer from the class 
of polymers generally known as parylene. The insulation may be applied to the proximal 
end of pusher (106) by a number of processes such as shrink-wrapping, dipping in molten 
polymer, spraying on in the form of a suspension or latex, or the like. The axial length of 
the additional insulating member (120) and its thickness may vary depending upon the 
degree of additional electrical insulation desired, the specific configuration of the assembly 
(100), the application for which assembly (100) is used, etc. 

Figures 4A and 4B are partial cross-sectional views that show a variation of the 
present invention in which a vasoocclusive member (102) is engaged by a friction fit with 
the distal end of conducting core wire (122). Again, the vasoocclusive member (102) is 
shown in this embodiment as a coil. This variation can be assembled using a variety of 
techniques. The technique depicted in Figures 4A and 4B is as follows: a conducting core 
wire (122), whose diameter is chosen to enable a friction fit between it and the inner 
diameter of vasoocclusive member (102), is connected to an energy source (not shown) at 
its proximal end. Either prior to or after insertion into the vasoocclusive member (102) 
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proximal end, a thermoplastic member (1 10) is attached to the distal end of conducting 
core wire (122). It is preferable that this connection take place after insertion of the distal 
end of conducting core wire (122) into the vasoocclusive member (102). The 
thermoplastic member (1 10) may be attached by any conventional means, such as line of 
sight spray deposition, the result of which is depicted in Figure 4B. As can be seen in 
Figure 4B, thermoplastic member (1 10) has been deposited on conducting core wire (122) 
after the insertion of the distal end of conducting core wire (122) into the vasoocclusive 
member (102). The line of sight process deposits thermoplastic material between coil 
windings around the entire circumference of the vasoocclusive member (102) such that an 
excess of thermoplastic material builds up on the conducting core wire (122) regions 
aligned with the gaps between coil windings. As the deposition process continues, 
thermoplastic material begins to impinge upon the surfaces of the coil windings on the 
coil's inner diameter. Once a sufficient thickness of the thermoplastic member (1 10) has 
been obtained, a friction fit between the distal end of conducting core wire (122) and the 
vasoocclusive member (102) exists. This friction fit aids in maintaining the integrity of the 
mechanical joint created by the insertion of the distal end of conducting core wire (122) 
into the vasoocclusive member (102). 

As previously indicated, the thermoplastic member (110) may also be deposited on 
the distal end of conducting core wire (122) prior to its insertion into the vasoocclusive 
member (102). This may be preferred, for instance, for ease of manufacture and to allow 
greater flexibility in the choice of thermoplastic member material, deposition process, 
assembly process, etc. In any event, it is desired that the distal end of conducting core wire 
(122) be electrically insulated from vasoocclusive member (102) by thermoplastic member 
(1 10) as previously described. 

Operation of the embodiment of Figures 4A and 4B is similar to that of the 
operation described for the embodiment of Figures 2A and 2B. Once the vasoocclusive 
member (102) is at the selected site, energy, preferably radio frequency energy, is supplied 
by the energy source (118) and transmitted through conducting core wire (122) so to heat 
the thermoplastic member (110) above its transition temperature until it is sufficiently 
softened. At this point, vasoocclusive member(102) is free. The entire catheter may then 
be removed or the conducting core wire (122) may be withdrawn from the catheter lumen 
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to provide for installation of other vasoocclusive members. If additional vasoocclusive 
members are to be placed at the target site, the procedure is repeated. After the desired 
number of vasoocclusive members have been placed at the site, the catheter is withdrawn 
from the vessel. 

Modifications of the device described above and methods of using it in keeping 
with this invention that are apparent to those having skill in this mechanical and surgical 
instrument design art and related fields are intended to be within the scope of the claims 
which follow. 
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CLAIMS 

What is claimed is: 

1 . A combination pusher-vasoocclusive member assembly for use in occluding a 
selected vascular site within a vessel comprising: 

(a) a vasoocclusive member with opposing ends having, on at least one end, a 
detachable vasoocclusive member junction attachable to a pusher junction; 

(b) a pusher comprising an elongated member having a proximal end and a 
distal end, the distal end forming a pusher junction attachable to the detachable 
vasoocclusive member junction; and 

(c) a thermoplastic member adhering to both the vasoocclusive member 
junction and the pusher junction to aid in preventing disengagement of both the detachable 
vasoocclusive member junction and the pusher junction until the application of radio 
frequency energy in an amount sufficient to soften the thermoplastic member. 

2. The combination of claim 1 wherein the thermoplastic member additionally 
encapsulates the vasoocclusive member junction and the pusher junction. 

3. The combination of claim 1 wherein the proximal end of the pusher is 
electrically insulated. 

4. The combination of claim 1 where the vasoocclusive member is a coil. 

5. The combination of claim 4 where the coil is helical. 

6. The combination of claim 4 where the coil has a random or straight 
configuration. 
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7. The combination of claim 1 further comprising a source of radio frequency 
energy attached to the pusher. 

5 8. A combination conducting core wire-vasoocclusive member assembly for use 

in occluding a selected vascular site within a vessel comprising: 

(a) a vasoocclusive member with opposing ends having an axially central lumen 
therethrough; 

10 

(b) a conducting core wire having a proximal end and a distal end for receiving 
radio frequency energy; and 

(c) a thermoplastic member adhering to both the vasoocclusive member and the 
1 5 conducting core wire to aid in preventing disengagement of both the vasoocclusive 

member and the conducting core wire until the application of radio frequency energy in an 
amount sufficient to soften the thermoplastic member. 

9. The combination of claim 8 where the thermoplastic member additionally 
20 encapsulates the vasoocclusive member and the conducting core wire. 

10. The combination of claim 8 where the proximal end of the conducting core wire 
is electrically insulated. 

25 11. The combination of claim 8 where the vasoocclusive member is a coil. 

12. The combination of claim 1 1 where the coil is helical. 

1 3 . The combination of claim 1 1 where the coil has a random or straight 
30 configuration. 
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14. The combination of claim 8 further comprising a source of radio frequency 
energy attached to the conducting core wire. 

1 5. A process for the placement of a vasoocclusive member at a selected site 
comprising the steps of: 

(a) introducing to a selected site, a vasoocclusive member having, on at least 
one end, a detachable vasoocclusive member junction engaged with a pusher junction, a 
thermoplastic member adhering to both the detachable vasoocclusive member junction and 
the pusher junction to aid in preventing their disengagement; 

(b) applying radio frequency energy to both the detachable vasoocclusive 
member junction and the pusher junction in an amount sufficient to substantially soften the 
thermoplastic member and aid the release of the vasoocclusive member into the selected 
site; and 

(c) moving the pusher junction out of engagement with the vasoocclusive 

member. 

16. The process of claim 15 where the vasoocclusive member is a coil. 

17. The process of claim 16 where the coil is helical. 

1 8. The process of claim 16 where the coil has a random or straight configuration. 

19. A process for the placement of a vasoocclusive member at a selected site 
comprising the steps of: 

(a) attaching a thermoplastic member to the distal end of a conducting core wire; 
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(b) joining the distal end of the conducting core wire to a vasoocclusive member to 
form a combination conducting core wire-vasoocclusive member assembly; 

(c) introducing to a selected site the combination conducting core wire- 
vasoocclusive member assembly; 

(d) applying radio frequency energy to the combination conducting core wire- 
vasoocclusive member assembly in an amount sufficient to substantially soften the 
thermoplastic member and aid the release of the vasoocclusive member into the selected 
site; and 

(e) moving the conducting core wire out of engagement with the vasoocclusive 

member. 

20. The process of claim 19 where the conducting core wire is attached to the 
vasoocclusive member prior to attaching the thermoplastic member to the conducting core 
wire. 

21. The process of claim 19 where the vasoocclusive member is a coil. 

22. The process of claim 21 where the coil is helical. 

23. The process of claim 21 where the coil has a random or straight configuration. 
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